.be alert to the faults of the patients which make them lie about their taking of the medicines prescribed and when things go wrong, refuse to confess that they have not been taking their medicine.
Hippocrates 1 S everal "smart" technologies have potential to change how the medical profession documents and fosters adherence to prescription medication, and if successful, the health of patients will be improved. 2 Yet, there are social and ethical concerns that ought to be considered before these technologies are broadly adopted, including cost and potential for coercive use. We discuss these and several other ethical and social implications of these smart technologies.
For many, modern health care entails taking prescription medications, and a broad range of conditions are treatable because of the ready availability of these medications. Prescription medications help keep people healthy and active while extending longevity and improving quality of life. Yet, many who are prescribed pharmaceuticals do not benefit.
One reason is drug nonadherence, a complex conundrum characterized by (1) never starting (or failing to refill) the medication, (2) stopping the medication regimen early without direction, or (3) regularly not taking the medication as directed. 3 Over several decades, researchers have documented extensive nonadherence. For example, one study examined the prescription filling habits of more than 700,000 US patients who received a new prescription for one of 7 chronic illnesses. The authors found that for 6 of the illnesses, only 51% to 72% of patients filled the prescription, and for one disease (gout), just 37% had done so.
Even in Canada, where out-of-pocket medication costs tend to be lower than in the United States, adherence is a problem. In a prospective medical record study of more than 16,000 patients in Quebec, 31% of prescriptions were never even filled. 4 Nonadherence can have serious consequencesdthese patients are more likely to have frequent hospitalizations, more severe symptoms, and earlier death from their diseases compared with individuals who take their medications as prescribed. 5, 6 A 2009 report estimated that avoidable medical spending due to nonadherence and poorquality prescribing costs approximately $289 billion per year, or 13% of total US health care expenditures. 7 Myriad low-tech approaches to improving adherence have been proven effective in studies typically of short duration, including prescribing a less expensive equivalent or generic medications, telephone outreach, simplifying medication ingestion schedules, bundling medication refills simultaneously so that patients can pick up all of their medications on the same schedule, talking with patients about the importance of medications, and verifying adherence by counting inhaler puffs or checking blood levels. [8] [9] [10] [11] [12] [13] In some disease populations (eg, patients with AIDS or tuberculosis), approaches such as text messaging, e-mail, and voice over Internet software have also been used. 14, 15 Furthermore, e-mail, text messaging, and e-cards have been used to facilitate adherence to birth control, prenatal vitamins, and antiretroviral therapy. 16 Many more attempts at solutions are in development or newly on the market. Almost 50 companies are developing software/hardware approaches to medication nonadherence, with many addressing forgetfulness or behavior modification. [17] [18] [19] Perhaps the most innovative are placing ingestible sensors in pills that transmit when consumed. Other examples include "smart" medication bottles that use wireless technology to track the number of pills ingested and alarms to remind patients when a scheduled medication is due. Finally, apps (ie, applications of software programs designed to perform a specific function) for mobile devices have been developed specifically to track medication use. Notably, many of these smart solutions to medication nonadherence involve the transmission of data about the patient's medication use to one or more third parties, for example health care professionals, caregivers, or family members, who could then intervene in real time to help ensure that the patient takes the medication.
Potential Benefits
The aforementioned solutions to medication nonadherence and other technological innovations have the potential to improve adherence by tracking the patient, especially when the patient is motivated to take the medication as prescribed but has difficulty doing so without assistance, and when the medical team or authorized third party needs help tracking medication use to ensure compliance. 20 Philosophically, such innovations are consistent with the patient empowerment movement, whereby individuals are provided both the opportunity and the responsibility for being engaged in their own self-care; this process coincides with the embracement of a shared decision-making model in which patients and clinicians collaborate to understand and address patients' needs. [21] [22] [23] Technologies that allow patients (rather than family and clinicians) to manage their medications with electronic reminders provide opportunities for patients to play a meaningful role in their self-care. 24 These technologies may also help practitioners, who often lack accurate information about patients' actual, rather than reported, behaviors. Specific reliable adherence data can aid practitioners' efforts to understand why medication failed to work as predicted. For inpatients in skilled nursing facilities or other environments where medication distribution is time consuming and complex and for patients who can no longer take medication on their own, smart technologies may also be used to audit and track consumption, thus reducing the number of health care professionals needed to monitor adherence.
At a macro level, the technology portends a potential boon to pharmaceutical researchers as well. Having more precise data about the timing and dosages being ingested may provide more accurate information about drug potency and effectiveness, with the end result of better dosing guidelines and even personalized recommendations. Additionally, access to such information serves the goals of health services researchers. For example, when combined with GPS (ie, global positioning system) data, researchers may be able to identify regions or demographic variables that predict nonadherence, which in turn can lead to targeted interventions for overcoming barriers and maximizing adherence.
In summary, smart technologies have the potential to improve patient health and reduce societal health care costs by providing tools for patients that ease the burden of taking medication. For motivated patients who embrace and use the technology, medication adherence will likely increase, suggesting that costs associated with nonadherence will be reduced over the long term.
Potential Negative Outcomes
High-tech solutions to low-tech problems also present a variety of challenges, beginning with access. Like the ever-evolving TV remote, many people, regardless of age or demographic characteristics, are not comfortable with every digital technology and may become frustrated with the "whiz-bang" approach to what was once a simple matter of swallowing pills. A pill bottle that barks an alarm may be unpopular with people accustomed to a simple plastic container.
Second, and perhaps most important, some of the smart technologies will increase the cost of medications as pharmaceutical companies pass along the costs of imbedded sensors and alarm-integrated pill bottles to consumers. Ironically, cost is the most powerful barrier to adherence, and more patients may choose to not fill prescriptions when they are rendered more expensive. 2 One study on medication adherence in a community-based heart failure cohort found that 18 patients (10%) reported not filling a new prescription because of cost, 14 (8%) stopped a medication for the same reason, and 8 (4%) skipped doses to save money. 25 Given that many patients with chronic illnesses take multiple medications and face serious cost concerns, it is not surprising that studies show that between 14% and 25% of patients with serious, life-threatening conditions do not fill needed prescriptions. [26] [27] [28] [29] Studies have also revealed that fewer than 66% of patients tell their physician when they plan to underuse medications because of cost, and fewer than 30% of physicians ask patients about the affordability. 30, 31 So even if the smart technologies enhance medication adherence for those who use them, the added cost of implementation may have the paradoxical effect of reducing access to patients for whom purchasing medication is already a financial barrier.
Third, patient nonadherence is sometimes smart. For example, when an angiotensinconverting enzyme inhibitor prescribed as kidney protective for a person with chronic kidney disease causes severe vomiting and diarrheadrisking dehydration and hypotensiondit is reasonable to stop taking the drug until a discussion with a physician is possible. Inevitably, some medications are ineffective or induce troubling adverse effects. Prompts designed to blindly promote adherence could pressure a person to tolerate noxious adverse effects to stop harassment from digital devices. In a digitally tracked world, there may be less room for educated nonadherence.
Fourth, we fear the temptation to stratify patients according to their risk of nonadherence and then use the information for discriminatory purposes. If patients are assigned adherence scores like credit scores, payers would be armed with data that can be used to ration care or otherwise penalize nonadherent patients by charging higher deductibles, adding surcharges, or refusing to insure them. International Classification of Diseases, Tenth Revision coding already allows for nonadherence labeling (Code V15.81), and studies have found an association between such codes and mortality. 5 It is not a settled matter whether it is fair to charge people more for their medical care based on adherence to recommendations (or other unhealthy behaviors). 32, 33 Thus, it is important to better understand both how the information will be used and the underlying ethical rationale for doing so before unleashing these tools outside carefully controlled environments.
Fifth, even if monitoring patient behaviors would lead to better health outcomes and lower costs, it is not clear whether or whom we should empower to enforce health behaviors. Although physicians have a fiduciary responsibility to prioritize patients' interests over other considerations, this is not generally understood as an endorsement for unduly pressuring patients to take medications as prescribed (except with court orders or in settings such as inpatient psychiatry or certain quarantine situations). These smart technologies will make adherence data available not only to physicians but also to other parties who have no such fiduciary relationships with patients (and who, in fact, may be beholden to others). 17, 34 The diagnostic assessment that a patient is not taking a medicine as prescribed can easily lead to a prescriptive "should," which is not far removed from the coercive "must." The availability of adherence data and the tools of enforcement potentially empower these parties to compel individuals to take specific medications and track their use from afar, effectively cutting the patient out of information exchange and flipping the long-standing tradition of prioritizing patient autonomy over the interests of others.
Finally, we worry that these smart technologies may be "quick fixes" preferred to simpler, time-intensive, but already proven effective interventions such as talking with patients, identifying supports in their lives who can help them take medications as intended, bundling multiple medications so they are ingested at the same time, and medication reconciliations to remove unneeded medications.
Concerns and Recommendations
Adherence-monitoring technologies have some attractive featuresdthey can alert health care professionals to patterns of adherence in individuals or groups and they can remind patients to take medications as prescribed. Prescribers and health care systems may be attracted to these smart technologies because they provide real-time data about ingestion of medications without being labor intensive. Yet, some could lead to higher medication costs or be used paternalistically to compel patients to take medications they do not want to take.
As reimbursement models shift from feefor-service to population management, largescale efforts to improve adherence will likely intensify. It remains to be seen if smart technologies are the most effective, cost-efficient, and ethical way to accomplish this goal. No doubt they may work well for some patients, and we hope that future studies will identify the most appropriate settings for using these technologies. Regardless of whether smart technology is used, good prescribing practice ought to involve ordering the least expensive yet effective medications available while providing sufficient counseling for patients to understand the importance of adherence. In keeping with this ethos, medication regimens should be kept as simple as possible, and unnecessary drugs should be eliminated. Further, prescriptions should be bundled and refilled for the maximum duration possible to ensure that patients don't run out. [35] [36] [37] [38] If smart technologies are used to collect data about patient adherence, we must ask the ethical question, "Toward what end will these data be used?" The interests of patients, health care systems, pharmaceutical companies, insurers, and physicians (to name but a few prominent players) are not always aligned and can in fact be at odds. It is important to address what (if anything) would justify prioritizing the well-being of third parties over that of patients and what assurances will be put in place so that clinical information from adherence data and monitoring will be used to prioritize the interests of patients over the financial or other interests of third parties.
Conclusion
Smart technologies have the potential to help improve adherence to medical recommendations. However, we can only speculate about some of the unintended consequences of their use. For now, we encourage more studies not only on biological effectiveness but also on cost, access, and how the information is used and by whom. Continued empirical evaluation will allow us to better understand the implications for stigmatization, patient autonomy, privacy, and fiduciary conflicts of interest.
